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Abstract: Massive Open Online Courses (MOOCs) can meet education needs from diverse 
social, cultural, and access backgrounds and require a minimal cost of resources from learners. 
To successfully scaffold large and distributed populations to learn effectively in these MOOCs, 
the design needs to optimize self-directed learning. In this paper, the researchers investigated 
the design variables for MOOCs’ learning environment that allowed learning choices made by 
learners. With this study, the researchers developed a 21-item questionnaire based on a review 
of the literature and their MOOC design and implementation practices, Massive Online Open 
Course Learning Environment Design Questionnaire (MOOC-LED). The researchers used 
the quantitative survey study and developed an initial examination of the MOOC-LED factor 
structure, validity, and internal reliability. The analyses were based on the anonymous data of 
162 participants’ perception of learning in MOOCs. The scholarly significance of the 21-item 
MOOC-LED questionnaire is discussed with its limitations, implications, and future directions.
Keywords:  design variables, MOOCs, self-directed learning, learning choices
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Design Variables for Self-Directed Learning in MOOC 
Environment
1. Introduction
Massive Open Online Courses (MOOCs) 
hold the promise of providing open access 
to education which would otherwise be 
impossible for learners with diverse social, 
economic, and cultural backgrounds (Bonk, 
Lee, Reeves, & Reynolds, 2015). However, 
studies also have demonstrated the needs of 
the instructional design of MOOCs to scaffold 
self-directed learning (Handoko, Gronseth, 
McNeil, Bonk, & Robin, 2019; Shapiro et al, 
2017).
For example, xMOOCs are usually 
facilitated by teachers, are centralized, and 
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follow a cognitive-behaviorist pedagogical 
approach (Anders, 2015). Many xMOOCs 
adopt a l inear and procedurally paced 
pedagogical model where learning progress 
is monitored by teachers. When teachers 
take charge of moderating the learning pace, 
the learners may find themselves making 
passive progress and not having sufficient 
opportunities to express their needs of 
adjustment, especially when there is no direct 
and instant channel of communication in an 
online environment. On the other end of the 
MOOC spectrum, cMOOCs (connectivist 
MOOCs) are based on connectivism, self-
organized learning, and networking (Anders, 
2015). They are non-linear learning spaces, 
loosely structured, and not monitored with 
teacher presence. Although cMOOCs may 
optimize networked knowledge co-building, 
they are also intimidating to those who are not 
used to loosely-structured contexts that require 
self-directedness (Agonács & Matos, 2017b). 
To combine the merits of both ends while 
eliminating their drawbacks, a new type of 
MOOC design framework was proposed 
by Agonács and Matos (2017b), that is, 
heutagogy-based MOOC (hMOOC). The 
hMOOC proposes a design framework for an 
inclusive MOOC learning environment, not 
only for learners apt at self-directed learning 
but also for those with limited experience 
in self-directed learning. Heutagogy is the 
study of self-determined learning (Hase, 
2009). Built upon andragogy which focuses 
on adult learners, heutagogy views learners as 
the major agents in their learning, providing 
students with a negotiable curriculum 
and assessment. Consistent with the self-
determined learning philosophy rooted in 
heutagogy and closely associated with self-
directed learning and adult education, hMOOC 
emphasizes the control of learning by learners 
(Agonács & Matos, 2017b; Blaschke & Hase, 
2015; Garrison, 1997). Surrounding self-
directed learning, Agonács and Matos (2017b) 
have listed nine dimensions of hMOOC and 
their correlation to learning effectiveness. For 
example, when the dimension of collaboration 
is high, the structure to the learning pathway 
is low, and then formal learning is less likely 
to happen. Recently, several research studies 
have studied these correlations as well (Bonk 
et al., 2018; Handoko et al., 2019; Shapiro 
et al., 2017). Further, the results from these 
studies indicate that the need to study the 
design factors of MOOCs should be based 
on students’ perception of learning in a self-
directed environment. Therefore, the purpose 
of this study is to investigate the design factors 
that can optimize learning choices in a MOOC 
environment based on learners’ perceptions. 
This paper presents the study about the 
following two research questions (RQ):
RQ1: What are the design variables 
for  self-directed learning in a  MOOC 
environment?
RQ2: How reliable and valid are these 
design variables as an instrument to inform 
MOOC design?
The answers to these questions are 
expec ted  to  he lp  enhance  des igne r s ’ 
understanding of learners’ perceptions of self-
directed learning attributes in MOOCs, and 
integrate heutagogical strategies in the design 
of MOOCs.
2. Literature Review
2.1 Design Elements for Distance and Online 
Learning Environments 
The early design recommendations 
for distance learning environment were 
primarily teacher-centered, including teaching 
styles, learning tasks, and learner-content 
interactions through teachers’ moderation, 
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focusing on interactions between teachers 
and learners (Garrison, Anderson, & Archer, 
1999; Grabowski & Curtis, 1991; Moore, 
1973, 1991). These theories treated distance 
learning as a joint task led by teachers and 
fulfilled by students. For example, Grabowski 
and Curtis (1991) regarded online courses 
from the hypermedia perspective, in which 
an online course consisted of three elements: 
information, instruction as teachers’ duty, 
and learning as learners’ duty. Garrison, 
Anderson, and Archer (1999) regarded 
online learning as collective behavior of a 
community. They proposed a community 
of inquiry model, which contained three 
elements, including cognitive presence as 
primarily learners’ behavior, social presence 
as a co-construction by teachers and students, 
and teaching presence as primarily teachers’ 
behavior. Moore (1973, 1991) emphasized the 
distance between teacher and learner during 
distant teaching and learning and proposed 
transactional distance theory. This theory 
also contained three elements, structure as 
teachers’ duty, dialogue usually initiated and 
maintained by teachers, and autonomy as 
learner’s duty. Although these early design 
theories considered teaching and learning 
elements, they were more geared toward a 
teacher-centered approach.
A s  n e w  d i g i t a l  a n d  n e t w o r k e d 
technologies became part of our daily life, 
teachers were no longer the only source of 
learning materials anymore. Therefore, it was 
not inclusive enough to continue to use the 
traditional teacher-centered framework to view 
the design elements of a new distance learning 
environment, especially with large enrollment 
MOOCs which became very different from 
the early stages of distance online teaching 
and learning. Emerging learning theories 
turned to value more the learning process. For 
example, Jaggars and Xu (2016) proposed 
four online course design elements that 
were critical to student performance from 
quality perspective, including organization 
and presentation, learning objectives and 
assessment, interpersonal interaction, and use 
of technology. Merrill (2002) summarized 
five principles for online course design from 
the learning cycle perspective, including 
problem-centered, activation, demonstration, 
application, and integration.  
These design paradigms help designers to 
recognize factors closely associated with the 
process of learning. In the meantime, these 
are goal-oriented or effectiveness-oriented, 
rather than self-directed learning that allows 
learning choices. These goal-oriented or 
effectiveness-oriented design paradigms take 
learners as their central “object” in design 
considerations. The assumptions, however, 
still hold the standpoint that a perfect design 
can drive learners to accomplish learning 
tasks. However, with students who have 
their education or career goals, these types 
of design can fail to meet learners’ needs 
(Pursel et al., 2016; Shapiro et al., 2017). 
For example, some learners for career goals 
may prefer to seek parts of courses (instead 
of the whole course), which is required at 
the workplace. And some post-college (e.g., 
postgraduate) students may prefer to seek a 
primary or advanced version of a course. In 
other instances, some adult learners may need 
personalized learning contracts with MOOC 
providers. These will need more flexibility 
that allows more self-directed learning 
and learning choices, which used not to be 
considered by none heutagogical designs. The 
perspectives reviewed about the distance and 
online learning environment and their design 
elements are compared and provided in Table 
1.
As Table 1 displays, self-directedness 
in distance and online learning and learning 
choices are embedded in course design 
theories and elements proposed in the recent 
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Table 1. Distance/Online Course Design Perspective and Elements
P e r s p e c t i v e 





Cognitive presence: the extent to which learners can construct 
meaning through sustained communication.
Social presence: the ability of learners to project their characteristics 
into the community.
Teaching presence: to support and enhance social and cognitive 




Information: a flow of messages with many functions.
Instruction: information specifically selected, organized, and sequenced 
with deliberate intent that the consumer will remember, apply or act 
upon it now or in the future.
Learning: active cognitive processing of information by the consumer.
distance (Moore, 
1973, 1991)
Structure: how the teaching program is structured so that it can be 
delivered through the various communication media.
Dialogue: the interaction between the teacher and the learner.
Autonomy: the will and ability to exercise powers of learning, to 




Problem-centered: learning is promoted when learners are engaged in 
solving real-world problems.
Activation: learning is promoted when existing knowledge is activated 
as a foundation for new knowledge.
Demonstration: learning is promoted when new knowledge is 
demonstrated to the learner.
Application: learning is promoted when new knowledge is applied by 
the learner.
Integration: learning is promoted when new knowledge is integrated 
into the learner’s world.
online learning 
assessment 
(Jaggars & Xu, 
2016)
Organization and presentation: ease of navigation and clear organization 
of materials.
Learning objectives and assessment: clearly outlining course-level and 
unit-level objectives, along with clear expectations for assignments.
Interpersonal interaction: the effectiveness of interpersonal interaction in 
reinforcing course content and objectives.





Learner-centeredness: learner-defined learning contracts, flexible 
curriculum, learner-directed questions, flexible and negotiated 
assessment.
Reflective practice: learning journals, action research, formative and 
summative assessment.
Collaborative learning: team-based, knowledge share.
* The attributes in bold italicized font are related to self-directedness.
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learning outcomes” (Garrison, 1997, p. 18). 
More relevantly, “learner-centeredness is at 
the heart of heutagogy, and learner agency 
is a major component of the theory. When 
engaging in heutagogic practice, the learner 
takes center stage, as she or he determines 
the learning path, defining learning objectives 
and outcomes, as well as selecting how that 
learning will be assessed. The learning path 
is non-linear, thus allowing the learner to 
explore all relevant and available paths to 
learning” (Blaschke, 2018, p. 130). Therefore, 
heutagogy seems to meet the needs of a broad 
spectrum of learning needs (Blaschke, 2018; 
Hase, 2009). 
2.2 Conceptual Framework Focusing on 
Learning Choices 
MOOCs have been known for their 
potential of providing learning opportunities 
for large populations with low enrollment 
costs. Factors associated with self-directedness 
and learning choices seem to play an important 
role in course completion and the impact of 
meeting learners’ career development and 
educational needs (Hansen & Reich, 2015; 
Pursel et al., 2016). Therefore, relevant 
literature has been reviewed, with a focus on 
heutagogy. 
Heutagogy is defined as the study of 
self-determined learning (Blaschke, 2018; 
Hase, 2009). It indicates that learning occurs 
when the learner is ready rather than the 
teacher expects or intends for it to occur. 
Therefore, heutagogy has a second name: 
harnessing learning (Hase, 2009). Concerning 
self-directed learning and learning choices, 
heutagogy focuses  more  on  learners , 
while pedagogy focuses more on teachers. 
Heutagogy studies learner-centered aspects, 
such as learner as agency that allows learners 
to negotiate learning objectives with teachers. 
Heutagogy also extends the concept of learners 
three decades. These attributes include 
constructing meaning, projecting personal 
characteristics in the learning community, 
active processing of information, performing 
learning autonomy, learning engagement, 
and learner-centeredness (Blaschke, 2012; 
Garr ison,  Anderson,  & Archer,  1999; 
Grabowski & Curtis, 1991; Hase, 2009; 
Merrill, 2002; Moore, 1973, 1991). However, 
there are different perspectives and facilitation 
that would allow learner choices. To illustrate 
self-directed learning and learning choices 
in detail, Moore (1973) has made an analogy 
with dining options:
A child sits expectantly at his mother’s 
table and consumes the meal she places 
before him. He may try to reject that which 
he finds unpalatable, or seek extra helpings 
of what he enjoys, but the nature of the meal 
is limited and is determined by his mother 
with little contribution from the child. By 
comparison, in a cafeteria, in anticipation of 
the patron’s demands, a selection of dishes 
has been prepared and exposed to view. Those 
the diner likes he may select; those he dislikes 
he will certainly reject. His choice may be 
nutritionally sound, or foolish. He may come 
in search of a particular fare, which he may 
find, or, if unsuccessful, he may reject the 
whole offering, and take his appetite elsewhere 
(p. 671).
If compared with the child analogy, 
in a teacher-centered design the learner 
takes in cognitive information that is only 
prepared by his/her teacher; while in the 
cafeteria analogy, the learner’s consumption 
is determined by his own choices. This fits 
the definition of self-directed learning in 
adult education, which is “an approach where 
learners are motivated to assume personal 
responsibility and collaborative control of the 
cognitive (self-monitoring) and contextual 
(self-management) processes in constructing 
and confirming meaningful and worthwhile 
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beyond the traditional college age, which 
seems to fit the MOOC’s learning environment 
(Hansen & Reich, 2015; Pursel et al., 2016). 
These lifelong learning needs closely connect 
with higher-order thinking when making 
decisions about pursuing education, and 
investing time and energy in education and 
career growth (Gregory, Bannister-Tyrrell, 
Charteris, & Nye, 2018). To investigate the 
correlations between higher-order thinking and 
self-directed learning, Gregory et al. (2018) 
conducted three case studies. They found 
that regardless of the postgraduate program 
structure, samples in each case exhibited a 
piece of clear evidence on self-adjustment to 
meet learning needs. Students adapted their 
beliefs and actions, developed and refined 
higher-order cognitive processes as required 
to meet their self-determined learning. 
Hence, Gregory et al. (2018) suggested that 
nontraditional students acquire opportunities 
to question self-beliefs, values, and attitudes 
that affected critical and higher-order thinking, 
especially when accessing a variety of MOOC 
platforms to pursue their program of study.
In response to students’ requirements as 
discussed above, the three design elements 
de r ived  f rom heu tagogy  a re  l ea rne r-
centeredness ,  ref lect ive pract ice ,  and 
collaborative learning (Blaschke, 2012). 
Learner-centeredness includes learner-defined 
learning contracts, flexible curriculum, 
learner-directed questions, and flexible and 
negotiated assessment. Reflective practice 
includes learning journals, action research, 
and formative and summative assessment. 
Collaborative learning includes team-based 
learning and knowledge sharing. It is worthy 
to note that double-loop learning is closely 
associated with the reflective process of 
heutagogy (Argyris & Schon, 1978; Hase, 
2009; Tagg, 2010). Heutagogy has been 
applied with success in different online and 
offline contexts, “however, never in a massive 
context” (Agonács & Matos, 2017a, p. 537). 
Recently, several studies have revealed the 
urgency of incorporating self-directed learning 
and learning choices into MOOC design 
(Bonk et al., 2018; Handoko et al., 2019; 
Shapiro et al., 2017). Shapiro et al., (2017) 
identified factors both inside and outside of 
the course setting that impacted engagement 
and learning by investigating why learners 
took the courses. They interviewed thirty-six 
participants and found that knowledge, work, 
convenience, and personal interest were the 
four most frequent motivation factors. Pursel, 
et al (2016) also found that students who 
had already earned bachelor’s degrees were 
significantly more positive about the courses 
than those with less formal education. They 
interpreted their study results as that students 
who earned a bachelor’s degree might have 
better-oriented career motivation and skills to 
make use of MOOCs as a self-directed online 
learning environment. However, a survey 
study completed with 152 MOOC instructors 
revealed that two-thirds of instructors did 
not place extensive effort on meeting unique 
learner needs during course design, and more 
than two-thirds were not concerned with 
personalization during course delivery (Bonk 
et al., 2018). Another recent survey study with 
643 students enrolled in MOOCs identified 
goal setting as one of the unique differences 
between students who completed their course 
and those who did not (Handoko et al., 2019). 
These revealed a close association between the 
success of personalized learning and the goal 
setting in learning. 
For a  large populat ion enrol led in 
MOOCs, goals can vary widely between 
learners. These ought to be considered at the 
design stage so that learners can make proper 
choices even learning similar content in the 
same MOOC environment. Therefore, the next 
improvement measures for MOOC should 
include more learning choices and the design 
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can allow learners’ self-directed learning 
behaviors. These can include learning choices 
of different phases of learning, progressing 
through differently perceived difficulties, and 
access to layered learning resources. 
2.3 Design Elements in Instruments for 
Online Learning Environment
A review of  exis t ing and re levant 
instruments for online learning environment 
design has been conducted. The constructs 
in these instruments, especially those related 
to self-directed learning, are extracted and 
synthesized in Table 2. 
As displayed in Table 2, the construct 
of interaction is a common factor of design 
shared by almost all these instruments because 
of the emphasis on interaction/collaboration 
in online learning environments. The second 
and salient construct is related to learner-
centeredness, from students’ voice, autonomy, 
control in the learning process, perception 
Table 2. Design Elements in Instruments for Online Learning Environment
Short Name (Ref.)  Constructs
MOLES-S (Thomas, 
2003) 
Metacognitive Demands, Student-student Discourse, Student-
teacher Discourse, Student Voice, Distributed Control, 
Emotional support, Teacher Encouragement, and Support
TROFLEI (Aldridge, 
Dorman, & Fraser, 2004)
Student Cohesiveness, Teacher Support, Equity,
Involvement, Task Orientation, Cooperation,
The investigation, Computer Usage, Differentiation,
Young Adult Ethos
DELES (Walker & Fraser, 
2005)
Personal Relevance, Authentic Learning, Active Learning, 
Student Autonomy
Mid-Math (Ogbuehi & 
Fraser, 2007)
Personal Relevance, Shared Control, Student Negotiation, 
Involvement, Task Orientation, 
Normality of Mathematicians, Enjoyment of Mathematics, 
Investigation
BELS (Wu, Tennyson, & 
Hsia, 2010)
Computer Self-efficacy, Interaction, Learning Climate, System 
Functionality, Performance Expectations, Learning Satisfaction, 
Content Feature
MOOC Criteria(Yousef, 





ADECUR & UNE 
(Fernandez, Silvera, & 
Meneses, 2015)
Recognition of Training for Employability, Learning 
Methodology, Levels of Accessibility,
Virtual Classroom Environment/Climate
225-Item CEQ 
(Liu, John, & Bishop 
Courtier, 2017)
Good Teaching, Generic Skills, Clear Goals and Standards, 
Appropriate Workload, Emphasis on Independence
* The attributes in bold italicized font are related to self-directedness.
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of pedagogy, perception of technology, 
perceived usefulness to career, selected 
learning methods, and perceived emphasis 
on independence. These reflect the effective 
principles when developing an online outreach 
education program for adult audiences 
in  the  Hol land s tudy,  which provides 
sufficient interaction opportunities that 
support knowledge construction and learner 
empowerment (Holland, 2019). 
The lack of an intact instrument measuring 
self-directedness in MOOC design could 
be the derivatives of the disjoint between 
instructional design and the actual teaching of 
MOOCs, as discovered by Czerkawski (2016) 
in his review and synthesis of empirical 
research on networked learning for online 
higher education courses. Czerkawski found 
that few instructional designers and their 
perspectives were included when designing 
a networked online learning environment. 
Moreover, Czerkawski (2016) added that 
larger-scale and longitudinal quantitative 
studies could offer new insights.
Therefore, an instrument measuring design 
features that scaffold self-determined and self-
directed learning is needed. The constructs 
ought to focus primarily on online MOOCs, 
self-directed learning, and considering the 
adult audience as the primary stakeholders. 
Such an instrument can help inform the 
design of MOOCs by understanding learners’ 
perceptions of design variables that allow 
learner choices. Therefore, this study is 
purposed to develop this instrument based on 
the literature review, and conduct the initial 
analysis of factor structure, validity, and 
reliability in a real MOOC environment.
3.  Design Variables
Based  on  the  l i t e ra tu re  rev iew,  a 
3-construct 21-item Massive Online Open 
Course Learning Environment Design 
Questionnaire (MOOC-LED) was developed. 
The core constructs of this instrument 
surround learner-centeredness. Three design 
variables are measured in a complete learning 
cycle that learners experience, including 
learning material presentation, interaction, 
and outcome assessment. These variables are 
derived by following the heutagogical design 
process (Blaschke & Hase, 2015). They are 
mapped to the three primary components 
including learner-defined learning contracts, 
learning activities, and learning outcomes. For 
example, learning activities are viewed as a 
series of interactions with either the system, 
peers, or the teacher. These three design 
variables are described from a learner-centered 
view as follows. 
For the learning material presentation 
variable, learning materials ought to be 
organized in a way that learners can easily 
choose for navigation (V1). When learning 
material presentations are equipped with 
a tracking function, learners can find the 
last learning location (V2) as they choose 
to. Besides, learning materials ought to be 
segmented to several parts (e.g. quiz or 
discussion) according to their difficulties, 
so that learners can select the content (V6) 
appropriate to their levels. These three 
items are designed to underpin “learner-
defined learning contracts”. Besides these 
items on the format, three items on content 
are mapped under the construct of learning 
material presentation. The first one is that the 
requirement or rule is simple (V5), which is 
designed to support a “flexible curriculum”. 
The second one is that the course preview is 
enjoyable and appealing (V3), and the third 
one is that the lecture video is elaborately 
designed (V4). 
For the interaction  variable,  there 
are three kinds of interactions, including 
system-learner, learner-learner, and learner-
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teacher interactions. For the system-learner 
interaction, pre-tests are used to understand 
learners’ characteristics for the content 
recommendation (V7). And layered resources 
are provided for learners with different 
competencies (V8). These two items are 
designed to enhance “learner-defined learning 
contracts”. In addition, the feedback from the 
system ought to be on time (V11). 
For the learner-learner interaction, peers 
are usually assigned to collaborate with a 
learner according to her status (V12). And the 
learners are expected to accomplish tasks with 
peers (V16). These two items are designed to 
enable “team-based” collaborative learning. 
For the effectiveness of collaborative learning, 
peer discussions are used to help to solve 
problems (V15), and collaborative discussion 
is anticipated to deepen understanding (V17). 
The former item focuses on “knowledge 
sharing”, while the latter one focuses on 
reflective practice by using “learning journals”. 
Discussions in MOOCs can be regarded as a 
special kind of learning journals since they are 
usually carried out by written text, and usually 
concentrated on the interesting or valuable 
learned content or scenarios.
For the learner-teacher interaction, the 
learning procedure consists of 4 phases, 
including learning, mastering, applying, 
and trying (V9). This is similar to “action 
research” for teaching improvement (Feldman 
& Minstrell, 2000; Gilles, Wilson, & Elias, 
2010). Through the systematic observations 
and study of these action research, learning 
is analyzed as a series of steps where 
environment, system, or practice may be 
changed gradually. An observer (e.g., teacher) 
usually researches the learner’s actions in 
such a continuingly changing environment 
and advises the learner. Action research 
allows experimentation with real-world 
experience where learning is in the hands 
of the participants. The learning can then be 
tested in subsequent learning cycles (Hase & 
Kenyon, 2007). Besides V9, learner-teacher 
interaction also occurs in V10, proportions 
of videos, tests, and discussions are designed 
with the consideration of learners’ needs. V10 
emphasizes a flexible curriculum, otherwise, 
the single format may make learning activities 
rigid and not easily determined by learners. 
The questions from learners ought to be 
answered on time by teachers or teaching 
assistants (V14). This item echoes “learner-
directed questions”. Also, learners should 
have choices of participation in the discussion 
actively and positively (V13). 
For the outcome assessment variable, the 
peer assessment or posting behavior ought to 
be rewarded, e.g., credits (V19). This item is 
connected to “formative assessment” since 
either peer assessment or posting is a positive 
learning behavior during knowledge or skill 
formation. These behaviors deserve a positive 
assessment, i.e., rewards so that learners can 
be encouraged to accelerate knowledge or skill 
formation. The learners also are provided with 
a summative assessment after they accomplish 
a mission (V20). This item is linked to 
“summative assessment”. Inspired by “flexible 
& negotiated assessment”(Blaschke, 2012),  as 
item V21 is proposed, that is, the final credits 
can be traded for offline gifts, including the 
opportunity for joining MOOC teachers’ other 
activities, such as research-related informal 
seminars or book clubs. To achieve these 
goals, the system ought to tell learners how to 
earn extra credits first (V18). This item comes 
from “learner-centeredness”. 
The mapping between the MOOC-LED 
design variables, items, and heutagogical 
attributes are presented in Table 3.
4. Study of MOOC-LED Structure, Validity, 
and Internal Reliability
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Table 3. Design Variables, Items, and Heutagogical Elements in MOOC-LED
Design 




V1 The navigation bar helps to locate resources.
learner-defined learning 
contracts
V2 Learning is tracked. It is convenient to find the exact place to resume.
learner-defined learning 
contracts
V3 The course preview is enjoyable and appealing. learner-centeredness
V4 The lecture video is elaborately designed. learner-centeredness
V5 The requirement or rule is simple. flexible curriculum
V6
Learning material is segmented into 






Pre-tests are used to understand 




V8 Resources are layered for learners with different competencies. 
learner-defined learning 
contracts
V9 Learning procedure consists of 4 phases: learning, mastering, applying and trying. action research
V10 The proportions among videos, tests, and discussions are proper. flexible curriculum
V11 The feedback from the system is on time. learner-centeredness
V12 The system may assign peers to cooperate with a learner according to her status. 
team-based learning
(at learner choice)
V13 Learners are led to participate in the discussion actively and positively. learner-centeredness
V14 The questions from learners are answered on time by teachers or teaching assistants.
learner-directed 
questions
V15 Peer discussions help to solve problems. knowledge share
V16 The learners accomplish tasks with peers. team-based learning (at learner choice)
V17 The discussion deepens understanding. learning journals
outcome 
assessment
V18 The system tells learners to earn extra credits. learner-centeredness
V19 The peer assessment or posting behavior is rewarded, e.g., credits. formative assessment
V20 The learner is rewarded on time for mission accomplished, such as badges. summative assessment
V21
The final credits of learners can be traded 
for gifts offline
flexible & negotiated 
assessment
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4.1.  Methods and Context
The study used a survey design to test 
the initial structure, validity, and internal 
reliability of the MOOC-LED questionnaire 
after its development (Creswell & Creswell, 
2018). The 21 items were written based on 
the literature review and MOOC design and 
teaching experiences of faculty members. 
The instrument was then reviewed by 
experts in learning psychology, and those 
having expertise in the design and teaching 
with MOOCs environments to establish 
its initial face validity. The instrument 
was also reviewed by potential learners in 
MOOCs to test its readability (DeVellis, 
2012). The 3-construct, 21-item MOOC-
LED presented in Table 3 was used to assess 
students’ perceptions of a real-world MOOC 
learning environment with some intentionally 
integrated learning choice features (Figure 
1). The prompt question in the questionnaire 
was: how important is this statement for your 
persistent engagement in MOOCs? All items 
were scored with a 5-point scale, with 1 = 
least important while 5 = the most important. 
The survey was active for data collection from 
January to February 2017. The participants 
were invited anonymously to fill the online 
questionnaire.
The study was conducted in the context 
of a real-t ime MOOC environment,  as 
presented with a collection of screenshots 
in Figure 1. Subfigure A shows that an 
illustrative animation is for students’ preview 
of Introduction to Psychology, offering them 
a summary of this course and a detailed menu 
so that students can make their navigation 
choices. Subfigure B shows a function that 
allows students to project pop-up questions 
when viewing a lecture video, which enhances 
learning through interactivity. Subfigure C 
shows that an artificial intelligence facilitated 
assistant is having a dialogue with the learner, 
offering and listening to her choices. Subfigure 
Figure 1. Samples of Design Elements in a MOOC Platform (xuetangx.com) 
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D shows a further choice that invites learners 
to join a social group, which may facilitate 
more off-line learning activities. Subfigure E 
shows a structured knowledge graph, helping 
learners recognize her current learning status 
for a better decision on future learning paths. 
4.2.  Participants
This cross-section survey research 
recruited 162 Chinese graduate students as 
anonymous samples. They were in the first 
year in their Educational Technology graduate 
program. Although they were enrolled in one 
normal university in central China, their native 
places and undergraduate majors varied. 
The demographic representation of these 
students was 27.16% of natives from Shan 
Dong Province, 22.22% of natives from Hu 
Bei Province, and 19.75% of natives from Si 
Chuan Province, representing northeastern, 
central, and southwestern regions in China 
respectively and making up 69.13% survey 
participants. The rest of the participants came 
from other areas of China. These students 
also majored in diverse disciplines of study. 
Their majors covered education (44.44%), 
Table 4. Item Factor Analysis Results
Item No.
Rotated Factor Loadings (values larger than 0.4 are shown)
learning material 






















% of variance 26.65 25.23 17.00
Cumulative % 
of variance 26.65 51.88 68.88
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Figure 2. CFA Results of MOOC-LED (n = 162), ***: p<0.001
information science (22.22%), philosophy 
(22.22%), and engineering (11.12%). The 
gender distribution was 60.49 % female and 
39.51 % male. They were 24.7 years old on 
average.
4.3.  Data Analysis Results
SPSS 25 and AMOS 20.0 were used to 
conduct an initial analysis of the MOOC-
LED instrument structure and validity. With 
Eigenvalue > 1, three factors accounted for 
the magnitude of 68.88% of the total variance. 
Among them, 6 items loaded on Factor 1 
with focus on learning materials presentation, 
accounted for 26.65% of the variance; 11 
items loaded on Factor 2 with focus on 
interaction, accounted for 25.23% of the 
variance, and 4 items loaded on Factor 3 with 
focus on outcome assessment, accounted for 
17.00% of the variance (Table 4). 
A confirmatory factor analysis (CFA) 
was performed to initially examine the 
factor validity of MOOC-LED. According 
to Marsh, Balla, and McDonald (1988), and 
MacCallum, Widaman, Zhang, and Hong 
(1999), χ2/df, the Non-Normed Fit Index 
(NNFI), the Comparative Fit Index (CFI) and 
the Root Mean Square Error of Approximation 
(RMSEA) were used to indicate the robustness 
of fit in CFA. If χ2/df is less than 3, NNFI and 
CFI are both above 0.95, and RMSEA is less 
than 0.06, they indicate an acceptable data 
fit (Schreiber, Stage, King, Nora & Barlow, 
2006).
The goodness-of-fit indices were χ2/
df = 1.53, NNFI = 0.952, CFI = 0.962, and 
RMSEA = 0.057. They indicated that the 
3-construct, 21 items MOOC-LED had an 
acceptable fit with the current sample, no 
further model modification needed. In Figure 
2, the CFA visual results showed that all items 
72
Journal of Educational Technology Development and Exchange
Volume 12, No. 1,    April, 2019
had moderate to high factor loading values, 
ranging from .58 to .83. 
The results also indicated that Cronbach’s 
α coefficients of all three subscales, Learning 
Material Presentation, Interaction, and 
Outcome Assessment were 0.88, 0.94, and 0.80 
at the significant level of 0.001. The Cronbach 
alpha of 21 items was 0.96. These were all 
above .80, indicating the MOOC-LED had 
satisfactory internal consistency with the 
sample of this study. 
5. Discussion
5.1 On the MOOC-LED Factor Structure, 
Validity, and Internal Reliability
The study results provided answers to 
the two research questions. To answer the RQ 
1 - What are the design variables for self-
directed learning in a MOOC environment? 
the 3-construct 21 items of MOOC-LED was 
developed based on a literature review about 
online course design, self-directed learning, 
and online learning instruments as well as 
the expertise and experiences in the design 
and teaching with MOOC environments. 
The cross-section survey data collected from 
162 learners’ perceptions in a real MOOC 
environment were analyzed. The results 
indicated that the three constructs of learning 
material presentation, interaction, and 
outcome assessment formed an inter-related 
cycle to support learner-centered teaching and 
learning process. Collectively, these design 
variables mapped with the three elements in 
heutagogical design process, that is, learner-
defined learning contracts, learning activities, 
and learning assessment.
To answer  the  RQ2-  How rel iable 
and valid are these design variables as 
an instrument to inform MOOC design? 
Quantitative analyses of factor structure, 
val idi ty,  and internal  re l iabi l i ty  were 
conducted. For all three constructs, the 
Cronbach alpha coefficients were above .80, 
with learning material presentation α = .88, 
interaction α =.94, and outcome assessment 
α =.80. The Cronbach’s alpha of the entire 
instrument of 21 items was 0.96.
The item factor analysis and CFA results 
indicated that the 21 items loaded to three 
constructs and that there was an acceptable 
fit of the factor structure of the MOOC-
LED. These results meant that the instrument 
measured what it was claimed to measure the 
design variables in a MOOC environment.
5.2 Implications
The implications for MOOC practitioners 
are presented in two aspects. In developed 
countries, MOOC has evolved into a post-
MOOC stage, where it is gradually integrated 
into business models (Daniel, Vázquez Cano, 
& Gisbert, 2015). In such models, MOOC 
is inevitably treated as services or products 
(Porter, 2015), where learners can be regarded 
as knowledge consumers or buyers. Also, 
they are often middle-aged adults. Therefore, 
learner choices and learner-centeredness 
should also be valued in MOOC design, as 
they are placed in a central position in other 
commercial circumstances. Giving learners 
more choices to harness their learning is an 
effective strategy.
In developing countries, MOOC stays 
at its original stage as a platform to deliver 
educational content. Nordin, Norman, and 
Hamdan (2018) support that MOOC is an 
effective technology platform to achieve this 
Sustainable Development Goal 4 (SDG 4) in 
2030 Agenda of United Nations Educational 
Sc ien t i f i c  and  Cul tu ra l  Organiza t ion 
(UNESCO). Empowering more autonomy 
to learners will improve their experiences 
or perceptions of learning, which will be 
alternative or complementary for their in-
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classroom learning.
5.3 Limitations
The limitation is that the learner-perceived 
design variables and their relationships may 
differ slightly among different countries 
because of their ages when taking MOOCs, 
e.g., major Chinese and American MOOC 
students. This study has had a sample of 
limited age range.
According to Oudeweetering and Agirdag 
(2018)’s investigation, the average age of 
American MOOC learners is above 34. Li 
(2017) also has found through a survey 
of 32 MOOCs with 11,933 United States 
respondents, only 23.5% of US MOOC 
students are under 30. However, these findings 
are not always coherent. For example, Glass, 
Shiokawa-Baklan, and Saltarelli (2016) have 
summarized that the median age of a typical 
MOOC student is younger than 30, or nearly 
two of three MOOC students are younger than 
35. Guo and Reinecke (2014) found that the 
mean student age across some four courses 
was 28 years. While Dillahunt, Wang, and 
Teasley (2014) found that the largest age 
group taking MOOCs was those of 25-34 
years old (39.78%), and the second one was 
those between 18-24 years old (22.67%).
Different from American datasets, Chinese 
MOOC participants exhibit a different pattern 
in learners’ average ages. MOOC learners 
in China are younger. Based on a report on 
30,187 Chinese MOOC students, 69.32% of 
them are in the age group of 17-26 years old 
(Li, 2017). Though Chinese MOOC students 
are younger than US students, the same survey 
addresses that the percentage of working 
professionals in MOOCs in China is increasing 
every year (Li, 2017). Li (2017) also found 
that in 51.5% of Chinese MOOC students 
state that they take MOOCs to advance their 
professional skills. These students are making 
investment with their time to study materials 
that they believe will help them on their future 
career path. 
Therefore, though Chinese and American 
MOOC students have different average ages, 
they are either working professionals or to 
be working professionals. The majority of 
either Chinese or American students actually 
both take MOOCs as a form of after-college 
education. Comparing to teenagers, young or 
middle-aged adults are more willing and also 
able to conducted self-determined learning. 
This verifies the purpose of this study to 
investigate the design variables of self-
directed MOOC learning environment from 
a heutagogical perspective. The influences of 
different ages on the design factor structure 
and the relationships among design variables 
can be studied in the future. 
Another limitation is related to the current 
technical environment of MOOCs. Most 
MOOCs can only offer two or three final 
academic achievement levels, that is, failed, 
passed or excellent. It would be much better 
to improve learner autonomy if MOOCs can 
be segmented into smaller chunks so that a 
specific unit of knowledge or skill that learners 
are interested can be assessed separately. And 
these small pieces may also meet the needs of 
learning contracts defined by learners.
6. Conclusion
Currently, an ordinary MOOC is often 
designed in traditional pedagogy. It is usually 
well-packaged from instructors’ perspectives, 
not learner-centered orientations. This 
paradigm will not be inclusive enough for 
those who are willing to determine their 
learning, especially for those who are already 
young and middle-aged adults. Following 
a heutagogy and self-directed conceptual 
framework, a 3-construct, 21-item MOOC-
LED questionnaire has been developed in 
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